1. Introduction
===============

Dental caries (DC) is a widespread, chronic, cumulative, and oral bacterial disease that affects 60% to 90% of school-age children and almost 100% adults worldwide.^\[[@R1]--[@R9]\]^ It can continue to deteriorate if there is no timely management, thus leading to pain and infection,^\[[@R10]\]^ affecting students' school performance, attendance, and even their quality of life.^\[[@R11],[@R12]\]^ Moreover, the treatment of oral diseases is costly and may pose a tremendous financial burden on individuals and national health care systems.^\[[@R13]\]^ DC is a dynamic process of dental damage caused by a combination of multiple pathological factors,^\[[@R10]\]^ such as bacteria, fungal species, eating habits, oral hygiene habits, education background of parents.^\[[@R2],[@R8],[@R14]--[@R22]\]^ The pathogenesis of DC is inorganic demineralization and decomposition of organic matters on the tooth surface.^\[[@R23]\]^ Many scholars have reported that protective factors, including fluoride level of drinking water, a healthy diet, good oral habits, the pit and fissure sealing, can inhibit or even reverse demineralization.^\[[@R2],[@R14],[@R16]--[@R18],[@R20],[@R24],[@R25]\]^ Therefore, reducing risk factors and increasing protective factors may be an effective way to prevent DC.^\[[@R26]\]^

Over the past 3 decades, DC experience among children worldwide has decreased significantly.^\[[@R27]\]^ Nevertheless, the prevalence of DC varies considerably between urban and rural areas and between genders. The latest data were achieved in 2005. They are not sufficient as a baseline for provincial oral health. Moreover, in the past 20 years, with the rapid development of China\'s economy, the investment in dental medical facilities has increased and the citizens' awareness of oral health care has enhanced. These factors may affect the incidence of DC. Consequently, specific, detailed, and renovated data focused on the prevalence of DC and related risk factors are crucial to the development of effective prevention programs for oral diseases. Therefore, the objective of the present study is to determine the prevalence of DC, as well as to detect the risk factors associated with DC among 12-year-old students in Jilin Province.

2. Ethical approval
===================

Ethical approval for the study was obtained from the Jilin University Stomatological Hospital. Review No. (54) In 2019. Informed consent to examine the children was obtained from parents, and assent was obtained from children before examination.

3. Methods
==========

We conducted a cross-sectional investigation among 2324 children aged 12 years from 9 regions of Jilin in 2017. Multi-stage, stratified, random sampling was used to select respondents of 12-year-old students in 9 regions.

3.1. Sample size evaluation
---------------------------

We measure the sample size using the following formula: 

In the formula, n~1~ is a simple size; *z* was the level of confidence, and when the confidence was 95%, *z* was 1.96; *p* is the prevalence of DC (28.9% as reported by the Third National Oral Survey); *e* is the margin of error. The nonresponse rate was 5%. The final sample size in our study was 2324.

3.2. Sampling design
--------------------

By using a simple random sampling technique, 9 areas in Jilin Province were investigated (Fig. [1](#F1){ref-type="fig"}), and then 4 school in every region was also selected by a simple random sampling technique. The simple allocated size in every school was according to the total sample size and the percentage of the 12-year-old students of every school in all the 9 schools. Finally, the participants were selected by a simple random sampling method according to the name lists in every school.
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3.3. Oral examination and data collection
-----------------------------------------

Three certified dentists with clinical experience performed an oral examination for more than 3 years. Before the survey, they received theoretical and clinical training again, and the Kappa value (SPSS 23.0 software, IBM Corp., Armonk NY) of the standard consistency test was more significant than 0.8. The evaluation criteria of kappa value are as follows: Kappa ≥ 0.75 indicates that the diagnostic results of the 2 methods are in good consistency; 0.4 ≤ kappa \< 0.75 indicates that the diagnostic results of the 2 methods are in general consistency; kappa \< 0.4 indicates that the diagnostic results of the 2 methods are in poor consistency. During the study, 5% of the respondents were randomly selected for re-examination, and the Kappa values calculated were still higher than 0.8. The clinical assessment of the students was according to the methods and criteria provided by the World Health Organization Oral Health Surveys.^\[[@R28]\]^

Disposable plane mouth mirrors under a portable light. Community periodontal index probes were used to perform the examination, and the participants were in a supine position in mobile dental chairs. The decayed-missing-filled teeth (DMFT) indexes evaluated the status of DC.

After the oral examination, all the participants were asked to complete a structured questionnaire (Attachment 1), which covered family background (single child or not, whether parents' education level are higher than junior college; oral habits (frequency of tooth brushing a day); dietary habits (frequency of eating desserts and candies, frequency of carbonated drinks, frequency of drinking sugared beverages (milk, yogurt, milk tea, soy milk or coffee with sugar); Self-assessment of teeth (Excellent, Good, Fair or Poor); Experience of toothache (Often, Occasional, Rare, Never); Visit to dentist (Yes or No) and Frequency of dentist visit (Once a year or 2--4 times a year); Tooth injury (Yes, Not or Unknown).

SPSS Statistics (SPSS, Version 23.0, IBM Corp.) was used to analyze the data. Descriptive statistics and Chi-square tests were performed to assess the relationship between DC and related variables. Further research on the association between DC prevalence and caries risk factors were also revealed by logistic regression analysis. A *P*-value of less than .05 was defined as statistically significant.

4. Results and Discussion
=========================

A total of 2324 students aged 12-year-old were involved in this study, and all the participants finished the oral examination. However, only 2317 questionnaires were collected. The prevalence of DC in Jilin Province was 56.11%, and the results of the DC examination in 9 regions are shown in Table [1](#T1){ref-type="table"}.

###### 

Caries of 12-yr-old children in 9 regions of Jilin.
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Of the 9 regions, Baicheng, Changling, and Nongan are high fluoride areas. When compared to the non-fluoride areas (the other 6 regions) respectively, we found that the prevalence of DC in the 3 high fluoride regions was significant lower than that of non-fluoride areas (*P* \< .01) (Table [1](#T1){ref-type="table"}), except that between Baicheng and Changchun (Table [2](#T2){ref-type="table"}).

###### 

The prevalence of caries in the high fluoride areas and the non-high fluoride areas.
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Many differences were revealed between DC and related variables (Table [3](#T3){ref-type="table"}), and the differences were demonstrated to be statistically significant (*P* \< .05). Among children in Jilin, the prevalence of DC in females was 61.44%, which was higher than 51.04% in males (*P* \< .001). However, whether the student was a single child seems not to be a related variable for the prevalence of DC (*P* \> .05). The education level of the parent has a significantly influence on the prevalence of DC (*P* \< .001). Interestingly, it seems that brushing frequency has no obvious influence on the effect on the prevalence of DC (*P* \> .05). Not surprisingly, the frequency of having desserts and candies, carbonated drinks, and sugared drinks can affect the prevalence of DC. The self-assessment of teeth was also proved to be a related variable; the prevalence of DC could up to be 78.84% when the self-assessment was "poor." The experience of toothache could be a warning sign in predicting the occurrence of DC, in the students who often experienced a toothache, the prevalence of DC was up to 82.74%. Dentist visits can affect the prevalence of DC (*P* \< .01). The injury of the tooth does not influence the prevalence of DC (*P* \> .05).

###### 

Prevalence of dental caries associated risk factors according to the questionnaire.
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Logistic regression analysis of potential explanatory factors of DC (Table [4](#T4){ref-type="table"}) revealed the association between the prevalence of DC and the 8 related risk indicators. Gender is one of the factors related to DC, and the odds ratio of females was 1.122 than males, the difference was significant. The prevalence of DC in high fluoride areas was lower than that in non-high fluoride areas, and the odds ratios of DR in Baicheng, Nong'an, Changling were 0.750, 0.621, 0.670, respectively. Regression analysis of DC with the frequency of eating desserts and candies "≥2 times a week" and "≥2 times a day" showed significant odds ratio (1.105 and 1.230) when compared to "\<2 times a week." Significant differences were also shown in the "self-assessment of teeth," the odds ratios were 1.132 (good), 1.301 (fair) and 1.670 (poor), and the *P*-values were all \<.001. Whether going to see a dentist also has an influence on the prevalence of DC, the odds ratio was 0.692 to 0.783 of "Yes" and "No." More experience of toothache was also a risk factor. Regression analysis of DC with the education level of the parent, both father and mother, shows a significant odds ratio, which means that the education level of the parent (both father and mother) has an influence on the prevalence of DC.

###### 

Logistic regression of dental caries and its potential explanatory variables.
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DC is the most common oral disease. More than 2.4 billion people globally were affected by DC in 2010.^\[[@R29]\]^ In addition, it has a relatively high incidence in China, resulting in a heavy burden on the Chinese national healthcare system and also a more substantial economic burden on the general citizens.^\[[@R30],[@R31]\]^ Stomatology doctors should understand the current prevalence of DC to identify related risk factors and solve the troubles induced by DC. However, the epidemiological data on DC in Jilin Province is outdated and insufficient. Thus, we carried this study to investigate DC status, to learn precisely about the oral health conditions of the population as an attempt to make prevention strategies, as well as to determine medical requires.

Following the criteria emphasized by the World Health Organization, we selected 12-year-old students as the respondents^\[[@R4],[@R32]\]^ and performed a cross-sectional study. On one hand, at the age of 12, students will experience the eruption of all permanent teeth except the third molar; on the other hand, school-based data collection at this age is much easy.

With an overall prevalence of 56.11%, DC is a common oral disease among 12-year-old students in Jilin Province. It is significantly higher than the average level of China as reported by the 3rd National Oral Health Survey in 2005 (28.9%),^\[[@R33]\]^ also that of some other developing countries including Tamil Nadu India (40%),^\[[@R34]\]^ Nigeria (13.9%),^\[[@R35]\]^ Kashmir (25%),^\[[@R36]\]^ and even some developed countries such as Sudan (30.5%).^\[[@R37]\]^ Various factors, including socio-economic factors, sample size, dietary behaviors, brushing habits, and cultural differences, can lead to different results.^\[[@R2],[@R3],[@R8],[@R14],[@R15],[@R24],[@R25]\]^ Thus, it is necessary to carefully and reasonably interpret each result. We speculate that the high incidence of DC in Jilin Province may be attributed to the following 2 factors:

1.  rapid economic growth in recent years, which has led to lifestyle changes, changes in eating habits, and an increase in the consumption of sweet snacks and soft drinks, as argued by Hu J and his colleagues^\[[@R2]\]^;

2.  the dental health resources in Jilin Province are rare, especially in grassroots health care institutions.

The high-fluorine areas have lower DC prevalence than the non-high fluorine areas. The incidence of DC in 9 areas of Jilin province ranged from 34.7% to 74.88%, and the difference was significant in different areas. Generally, children in rural areas have higher rates of DC due to risk factors such as low education level of parents and poor oral health care conditions.^\[[@R2],[@R7],[@R18],[@R19],[@R24]\]^ Interestingly, Nong'an, a rural county of Jilin, has the lowest prevalence of DC (34.17%). This finding may be related to the location of Nong'an, which belongs to the high fluorine area. Children in high-fluoride areas have higher levels of fluoride in their drinking water, which inhibits the prevalence of DC.^\[[@R6]\]^ Moreover, among the 9 areas surveyed in Jilin Province, Nong'an, Changling, and Baicheng are the high fluoride areas, while the other 6 regions are non-high fluoride areas. The results show that the prevalence of DC in high fluoride areas is significantly lower than that in non-high fluoride areas.

Female students have higher DC prevalence and filling rates than male students, even though male children have worse oral hygiene. This finding in our study is consistent with the results in the USA and other provinces of China.^\[[@R2],[@R38]\]^ Two possible explanations are that those female students are more likely to eat cariogenic foods, in addition to earlier tooth eruption in girls than boys.^\[[@R39]\]^ It exposes their teeth to a cariogenic oral environment for a longer time compared to boys.

The total mean DMFT value is 1.53, which is lower than the number in the literature reported in Eritrea (2.5),^\[[@R18]\]^ in Brazil (2.04),^\[[@R40]\]^ and in Quito (1.6),^\[[@R4]\]^ but higher than that of 0.14 in Nigeria,^\[[@R41]\]^ 0.42 in Sudan,^\[[@R42]\]^ and 0.42 in Kenya,^\[[@R43]\]^ 1.4 in São Paulo.^\[[@R44]\]^ Our result reflects that the dietary habits, application of dental care facilities, awareness, and dental care practice in Jilin Province are at the middle level in the world and further improvement is needed.

From the 1st Chinese National Oral Survey in 1983 to the 3rd Chinese National Oral Survey in 2005, the DMFT of China\'s 12-year-old students showed a favorable trend, decreased from 1.03 to 0.5.^\[[@R45]\]^ However, the results of this study show adverse trends from 2009 to 2017, with the prevalence of DC increasing from 43.65% to 56.11%, and DMFT increasing from 1.07 to 1.53. Besides, significant statistical differences in DMFT score and DC prevalence were detected between urban and rural children, since urban students obtained a higher FT score and filling rate than rural students. This result may be attributed to China\'s unevenly distribution of medical resources between urban and rural areas. Therefore, urban students have more access to appropriate oral health education, dental care, and the oral health care system. Under the premise of rapid economic development, on the one hand, the investment in medical health care has been increased. On the other hand, cariogenic food for residents is more accessible. However, spending on oral health care is still low. Thus, considerable efforts in preventive oral health measures should be ready to face a predictable further increase in DC due to continuing social and economic development.

The dentist visit is an essential risk factor associated with DC.^\[[@R2]\]^ In Nigeria, Eritrea, and Kenya respectively, 80%,^\[[@R35]\]^ 69%,^\[[@R18]\]^ and 46.7%^\[[@R43]\]^ of the study participants did not report dental treatment. In this study, more than half (60.42%) of the participants said they had never visited a dentist. It was further found that 79% of students who had visited a dentist in Jilin Province had a toothache, similar to studies investigating Iraq (71.2%), Kenya (73.4%), and Eritrea (82%). Therefore, underutilization of dental care facilities is a potential factor contributing to the high incidence of DC. Also, the authors reported that children who went to a dentist more often had more frequent experience of toothache and DC.^\[[@R46]\]^ In the past, the national strategy for healthcare was treatment-orientated care, rather than prevention-orientated care.^\[[@R47]\]^ At the same time of treatment, patients got information about the approach to oral problem prevention. This may explain why students brushing their teeth twice or more a day have higher DC prevalence and DMFT scores.^\[[@R2]\]^

Toothbrush and toothpaste are the 2 most common and effective methods for promoting oral hygiene.^\[[@R14],[@R16],[@R48],[@R49]\]^ Furthermore, brushing teeth twice a day^\[[@R14],[@R16],[@R48]\]^ and using fluoridated toothpaste at concentrations of 1,000 PPM or more have proven to benefit dental health.^\[[@R50]\]^ However, some scholars believe that brushing will not prevent DC.^\[[@R25]\]^ We found 51.92% of students brushing their teeth twice daily, which was significantly higher than the results of Eritrea (19.1%).^\[[@R18]\]^ However, 73.7% of children did not know that brushing teeth could prevent periodontal disease, and many students brushed their teeth alone without help. As a result, their brushing might be ineffective. Thus, monitoring the frequency and effect of cleaning and strengthening the awareness of oral health care are essential measures to prevent DC in the future.

For sugar consumption, limiting sugars to 5% of energy intake is helpful to minimize the risk of DC.^\[[@R51]\]^ In our study, we detected that eating dessert and drinking sweet drinks more than twice a day were risk factors for DC (*P* \< .05), but sweetened milk, soy milk, and coffee did not increase the risk (*P* \> .05). Peres et al^\[[@R47]\]^ also agreed to the viewpoint that sugar consumption might lead to DC. Consequently, reasonable control of sugar intake is considered as an effective strategy to reduce or eliminate the causes of DC.

As for the pit and fissure sealing rate, scholars think it is a valid measure to prevent DC. However, the rate of pit and fissure sealing in Jilin Province is only 10%, lower than the result of 3.6% in Sichuan Province, China in 2016, and 6.9% in China in 2005. Therefore, this policy needs to be widely implemented in Jilin Province. For instance, Zhejiang Province in China extensively carries out the pit and fissure sealing for young people and obtains positive effect.^\[[@R2]\]^

Although we got a detailed, objective, and updated data of DC in the present study, there are still many limitations. First, in the assessment part of the questionnaire, students' different awareness of bad habits and healthy habits may affect the assessment results. Secondly, there is a bias in the proportion of urban and rural students, which may cause the conclusion not to be available for the entire group of 12-year-old children in Jilin Province. Therefore, we should strictly control the inclusion criteria and exclusion criteria of the research objects, and collect the data objectively and uniformly. We should adopt blind method to collect the data and conduct hierarchical analysis and multivariate analysis. At last, no test--retest was performed in the present study, which can be regarded as a logical limitation.

5. Conclusions
==============

Regarding the current status of DC among 12-year-old students in Jilin Province,

1.  The high-fluorine areas have lower DC prevalence than the non-high fluorine areas,

2.  Female students have higher DC prevalence than male students,

3.  Poor self-assessment of dental health, toothache experience, dental visits, and low education levels of parents can increase the risk of DC.
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